DOCOMENT RESUME 

ED 080 353 SE 016 578 



AUTHOR 
TITLE 

PUB DATE 
NOTE 



EDRS PRICE 
DESCRIPTORS 



Wolfe, T. J. E. 

Creative Synthesis: Designing a Junior Higii School 
Science Program* 
Mar 73 

11p,; Paper presented at the annual meeting of the 
National Science Teachers Association (21st, Detroit, 
Michigan, March 30-April 3, 1973) 

MF-$0*65 HC-$3.29 

Conceptual Schemes; ♦Curriculum Design; Curriculum 
Development; *Curriculum Planning; ♦Junior High 
Schools i ♦Science Curriculum; ♦Science Education; 
Scienti.^^ic Literacy; Secondary School Science; 
Thematic Approach 



ABSTRACT 

This paper outlines a set of procedures for designi . 
a science program for students at the junior high school level. A 
flow chart provides em overview of the curriculum design, and brief 
notes are given to clarify the procedures to be taken at each stage 
on the chart. Programs designed in this manner should fit into a 
larger framework c f science offerings carefully planned for grades 
K-14, and should contribute to the principal purpose of science 
education by developing scientific literacy in future citizens. Six 
components basic to scientific literacy are listed. In designing a 
science curriculttm, it is suggested that the five approaches outlined 
by the Ontario Ministry of Education should be considered. These 
approaches provide structure to the cotarse according to: (1) the 
discipline, (2) conceptual schemes, (3) dcwiains, (4) themes, and (5) 
processes of science. Examples of the conceptual schemes approach, 
the domain cipproech, and the theme approach are discussed in some 
detail, and in each case flow charts are provided to illustrate the 
procedural steps in structuring a science unit. (JR) 
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CREATIVE SYNTHESIS 
Designing a Junior High School Science Program 



T. J. E. OJolff 

Tacultn o fi Educjotion 



Deslgni[?s your own science program for students at the Junior high school level 
is a difficult but rewarding task. Many factors need to be taken into consideration 
when designing such a program. One aporoach lAlch attempts to take manv of these 
factors Into consideration is sunmarized below. 
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Tut thz tkitexiaJiA 
on StudwU 



and Hevide 



VucJiiJbz -the LeoftneA 

fwc/icbe tkt ajoiz mmi^t, itoizU) of^ intAUtcttuil duvetoprntnt, home, backgfiound, con- 
rmiUn baduifioimi, etc. {Study VimW^ Stac^u of, IntfiJtltcJtual VtsfiZopmtnt and 
Gagm^i, Bauma'a and Auiubtt'A Idzoi.) 



Vzttnxiunz the, ^nancial, tuna, 6r>acz and local Kuoivitz KUt/UctionA . 
Outtim tkz OznoAoJi Eduavtional ^alA 

VeACAlbz thz imzdCatz and iutuAz neec(6 thz student cjid tkz f^utjujiz neecb oi 
AotioXtf. Important KathoA than tnlvial qoal& ihould be stattd, t/t^^e goah ofiiL 
mittojfi i'xLth tkz next anm oi 6tudii in mind, thoj^ vUU be mo^e ntlzvant. At thu 
6tagz tka duQAAx>tJion oi tht goalA neerf not be vonJittzn In teAm o{i thz ^rtcjiiic 
tMjninal bdtavjiou/iS . 

tJJuta Spzcijic T-jgninat Jkhavlonal ^hjzcZivu 

Thz 6pzcJ i^ld tq/tminal bzhavloHoJl. obJzctLvtA nmt Apectjji/ thz duVud poAionmanca in 
a mzac jjLoblz loaif. Tht duVuud conceptA, concejptual Achesnu, pnoceMZA, pAyohomotoK 
AhJjJts, and attitudu Ahould be 6nzcL{iLzd. (Read a/Uiclu duc/Ubinq the^z. Study 
i^loom*6 Taxonomy i^ch dnuACfuhoM tixz eagnitivz, ai^zctivz and pAuchomotoK domainA 
In luting and Evaluation jojL tfie Scizncu bf4 Hedoei • AIao become iamZioK taith 
tSiz pnzfyakation and uAz o^ imtmcUonaZ objzctiviA by ^mdifts P^tepo^totg iMtAuct- 
ional ObJzcXivu by RobMt F. tM(\zK. 

Rei^Xne thz To/minaJt Objzctivu 

Hodiiy thz fyAminal bdiavio^ objzctivu oA xtAtJiict^d by thz inAtiXutional con- 
AtAointA. 

Set Entz/Ung PwiejqwiAiteA 

VeAign p^-tutA to dejteJtmim uHUch oi tftefte fiaue been met by thz AtudtntA. Thz 
tut vailZ detMminz ii tht AtudentA havz thz concert, p^oauAZA and motoK AkUtA 
to handtz thz cjujuiicuhm oK ii thzu havz aJUuuoudii achiaved a Aigniiicant numbeA oi 
thiL objzcJUvQA. 

Vyijonm ToAfe AnalyAi^ 

Thz toAk onatyAls znableA tfce cjuAAicuJbm dtAigm/i to dztemim intMmzdiatz in- 
AtmicXionaZ objzctivtA njolating to e/ich teJminal bohavionaZ obj active.. One 
uAualljy AocctAAi^Z method iA to analyze, each beiiavional objective. AefHViating it 
into a hieAOAdiy oi inteAmdiatz objectives by AucceSAively oAking tht QueAtion - 
What nmt tfie £ea;tneA. be ablz to do to peJiiom tiie fUgheA oKdeA ohjecXivejA given 
only inAtJuictioviAJ {Read oAticZzA and bookA dzaling tuttfi ToAk AnaltjAiA • -6ee Gagne.) 

ConAt/uicJt the lewinim HieAOAchy 

^itzA thz lea/ming hieAOAchy haA been coMtmicted oA indicated ahovz, tht ottAibuteA 
oi the IzoAnzA that majy interact mMt the inAtAuctioml mzthod to hz uAzd at each 
IzveZ Ahould be liAtzd. 

MZocatz Teaching StAotzgizA 

Thz tzaching AViatzgu ok AtAotzgies to be used at each level oi thz hizAoAchy Ahould 
be Xndccoted. A vaAiety oi teaching At/uvUgieA is isnpontant. A po^tcot liAt iA 
given bzl/M. 
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The niodern trend in science education Is aimed at developing scientific 
literacy In future citizens. The American Association for the Advancement of 
Science summarized this aim very well In ar article titled "Trends In Science 
Education" In the December 1972 Issue of Scie nce Education News . Thev state: 
"The principal purpose of science education programs In grades K-14 Is the develop- 
ment of scientific literacy In future clc?/.ens." Educational journals make fre- 
quent reference to this aim as well. The ^S^h ha$ nroduced a working paper on 
scientific literacy. 

What ccnstitutes scientific literacy? There are six components basic to 
scientific literacy: 

!• an understanding of the interaction between science and society 

2. an understanding cf the ethics that control the scientist and his work 

3. an understanding of the nature of science 

4. a functional understanding of the conceptual knowledge of several different 

sciences 

5. an understanding of the differences and interrelationships of science and 

technology 

6. an und^^rstandlng of the interrelationships of science and the humanities 
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The challenge of developing science programs to accomplish all of these objectives 
over a 14 year period Is formidable but must be met If future graduates are to 
better understand the complex technological society of today and tomorrow. 

The teacher, school or school district that Is attempting to plan science 
courses along these lines must begin in a small way with a small Increment. They 
can begin by developing units of work which fit Into the overall framework. If the 
framework Is carefully established and documented, teachers can work logically to 
develop the required learning resources. There are several approaches to Unit 
Planning. 



APPROACHES TO CURRICULIT! SYNTHESIS 



The Intermediate Division Interim Revision 1972 Science guideline from the 
Ontario Ministry of Education outlines five approaches that can be used by the 
teachers at the Intermediate Division to Provide structure for their courses. 
These are: 

(a) the discipline of biology, chemlstrv, geology, physics, etc. 

(b) the conceptual schemes of science Buch as "all interacting units of 

matter tend towards equllibiiu^ states in which the energy content is 
a minimum.'* 

(c) domains such as ponds , hardware stores, bicycles 

(d) themes such as Pollution^ G;^owth and Development, Ecology 

(e) processes of science such as observl 3, classifying, recording data, 

formulating models, etc. 

Three of these approaches will he described. 



A CONCEPTUAL SCHEMES APPROACH 

The teacher using this approach to unit planning selects learning experiences 
necessary for an understanding of one or more big ideas or conceptual schemes of 
science. The NSTA Conceptual Schemes or the BSCS themes can serve as starting points. 
A task analysis is performed to determine the number and order of the concepts that 
can be organized into a logical learning hierarchy. A flow chart indicating one 
way of structuring a unit inquiring into the conceptual scheme "The Particulate 
(Molecular) Model of Matter'' is outlined below. 
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PLOW CHART 



THE WLECULAR MODEL OF MATTER 



A - By Color 




B - By Chemical Makeup 
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(1) M.V.D. Cfecrlc Units) 
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(4) Pressure Effects 
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A DOMAIN APPROACH 

ilie teacher using this approach selects learning experiences to integrate know- 
ledge about a particular area of interest. The topic chosen should lend itself to 
an activity*centered approach if it is to incorporate the inquiry philosophy. The 
strength of the domain-centered unit lies in the opportunity to integrate knowledge 
from many traditional disciplines. The teacher using this approach incorporates 8 
basic planning steps. These steps are illustrated using the bicycle as the domain. 

Step 1 - Select a Domain 

Select a topic or area of study which is interesting to students, is 
accessible, and lends itself to a 'doing* type ot inquiry. The bicycle is 
an ideal domain to use since: 

(1) a good selection of bicycles is available 

(2) many accessories are available 

(3) many investigations can be performed in the classroom using the 

bicycle as lab apparatus 
(A) the investigations can be incorporated into the dev^^lopment of a 

conceptual scheme of science such as; ^'Energy is neither created 
nor destroyed but is converted from one form to another without 
loss.'* 

(5) students know very little about the history^ physics or technological 

development of the bicycle and may be Interested in finding out more 

(6) students can be given the opportunity to use the processes of 

scientific inquiry to study various concepts related to the bicycle 

Step 2 - Brainstorming 

Before presenting the domain to the students the teacher should brainstorm 
and construct a flow chart which surveys the number and variety of problems 
that students wish to investigate. An example flow chart for the domain 
'"The Bicycle'^ Is outlined below. 
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A6 urn can ^ee, ^OvU topic tzndA it^oZi to a tangz nunSzA oi qvumtUative 
and qaaJUtatlvz 6tudiu diAzcttif kzJMpA to Acicncz. Onz could cmUZz an 
extMAlv^ chant ioK the hJatonjui o(^ lt6 dzveZopment ^ tht a&u to lofecc/i 
it i& put. 

After the teacher has bralnstormed to determine the suitability of the 
topic, a list of questions for investigation should be conpiled with the 
students. The list should reflect the activities that are of interest to 
the pupils. A suggested plan of attack and sooe questions are outlined 
below. 



(1) Begin by asking the pupils to suggest activities that they could do 
using the bicycle to find out more about it. Stress that the pupil *8 
suggestions imist be things to do, that these activities aust be 
suited to investigations largely within the area of the school 
(building, grounds), ^^cord their suggestions for future reference 
and use. 



(2) Have the pupils examine as wide a variety of bicycles and accessories 
as possible. When the students have looked at these materials and 
handled them, ask for more suggestions and add these to the list. 



(3) The first step in the brainstorming occurs when the teacher adds to 
the ll5t suggestions from the initial planning that the students have 
overlooked. 

A sunmary based on the chart is included below. 

(uxJUbnation oi mMivUnn iMtAum^, e.g. ^peedometow and odometoM. 

IzvQM - tkz undeMtanding oi the, pzdaZ (Vtm and hpnockoX 06 Izvws. Cat- 
cuZatlon and checking bi4 mqMvJimejnt oi t^iat ^o^z lb txeAtzd on thz 
njoad to tMopzl the. hiofcJU. ioHi^md iKhen a ce/Uain iJo^tce apr^zd at 
nlQhZ angtu to thz pzdaJi am. 

GtoA ^jotLoA - thz Kt&atLon^hiv beti'Jztn ¥UisrheA oi ^zvoiutlonb oi Jiz pzdat 
and numbeA oi KzvolutioM oi thz tJijhzeZ ioK diiicAent contlmtioM oi 
gejOA naUo6. 

Speed and AcczZeAotLon - usz oi vznduJbm, mzt/uonom, 6tov fmtchzA and 

fHVfyzA tapz tlmu 06 tanina devices to makz meMu/iZJmzntA oi Anezd and 
accjeZzAotion. 

^HZAAUAz on 6uAiajcjz - cjoZciUatlon oi thz pxzmoajl zxzAAzd htf tliz tUvz on 
thz hood ipK dliieAJZnt tiipz6 oi tVizA a/id t'l^o vofizn tDZMonA oi dii- 
izAznt fOZAjght Alt on thz hlciJfcZz* Compunl6on oi thz ioncz on thz 
njoad zxznted by thz i^jont and back idizoXt • VaKloUtlovib oi thz pnju-^ 
6uAjZ6 on thz noad ioK dllizAMt aln p/^^zauAjz^ In thz tUizA* ThzAZ con 
havz 6lgniilcanaz In nldlng on 6oit 6u/ii^.ce6. 

AOl p/te66uAe In thz tVve^ - i^hat aVi rynje^AoAz It nejzdzd In thz tlfizA to 
maintain thz nJbn In a ilxzd hzlgltt abovz thz hoad ioK dliieAznt 
(^)elqkt oi pzoplz littlnq on tfiz blcj4ctz 6zat. A 6tudtf oi vhzthcA on, 
not it Is hoAdzA to pejdal mMx 60it ok hahd tUue^. ^ {ThU It a 6tudfjf 
oi HjoUJing inlcXlon.) Aw InveAtlnatlon oi thz ^JOAlatlojnfi^ oi thz oOl 
p>te64tue iMlde ^z tViz t^ihzn no onz It 6lttim on thz^iuuicZz and 
tliz dliizAencje mth vaAloat iOZAjiihtt oi vzoptz 64Xtlng on thz blcycU. 
This Is a good zxamptz oi a nei^ situation In i^ch a studznt <um makz 
an himothtsls and tnn to give Kza^OM ioK It and chzck tliz t/aith oi 
it btf mzasa/umznt. 

Step 3 - Forming Groups 

Refer the students to the list of suggestions developed in Step 2 and 
encourage them to select the particular activity that they t/ould like to 
investigate. Some activities may not be selected. Some students may xirish 
to work on an investigation all bv themselves. A group of two students is 
usually an ideal size. 

The names of the students involved with a particular activity should be 
recorded beside the appropriate activity right on the list* This will aid 
the teacher in keeping track of the cc ivities of each student* 
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Step 4 - Student Planning 

When groups have been established, each group should be encouraged to make 
the following decisions for their activity: 

(1) What will we need to do the activity? 

(2) l/here can we obtain the materials? 

(3) How will we use the materials? 

(4) What will each of us do? 

(5) How will we record what we find out? 

(6) Hoi-7 will we display what we find? 

The teacher should discuss each group's plans v^ith the group members. This 
can be done with one group at a time while the remainder of the class is 
working on their activity. At this stage the teacher may wish to guide 
the students by asking such Questions as: 

(1) Did you make any predictions before beginning? 

(2) Are you taking any measurements? 

(3) Are you taking enough trials to rule out chance? 

(4) Should you take an average? 

(5) Would it help if you plot a histogram or a graph? 

(6) Do you have a control for purposes of comparison? 

(7) How many variables are being changed at one time? 

Other aspects of the processes of scientific inquiry that are applicable 
but that would not normally occur to students should be raised. Alter- 
natives regarding safety and practicality may also need to be recommended. 

Step 5 - Carrying out the Investigation 

The students should now be ready to carrv out their investigation working 
largely on their own. The teacher's ftmction is to pose questions and 
provide assistance or guidance when an activity bogs down. 

Some activities may require modifications but much learning occurs through 
a trial and error approach. The room will be noisy, messy and seething 
with movement. The teacher should be able however to gain the students^ 
attention » if necessary, by using some prearranged signal. 

The pupils should be encouraged to collect their data on rouF^h v^per as 
they work. The activity should not be considered complete until the data 
has been used to discuss the problem being investigated and until some 
answers have been reached for the problems under investigation. 

If the activities are being performed outside the school, all necessary 
safety precautions must be taken. 

Step 6 - Displaying the Results 

The students should be encouraged to translate their rough work into a 
finished product using whatever media and recording technique they believe 
to be the most appropriate* i.e. graphs, charts, p^rxagraphs, diagrams, 
tape recordings, overhead projector transparencies, and so on. 



Since the emphasis In recording Is oh developing their ability to commuril* 
cate, the final result should be large, brief, colorful and move accur/*te 
than the rough worl^. 

Step 7 - Capitalizing on the results 

This steP} although one of the most Important, Is most often neglected. 
The teacher should select the work displayed and presented by a particular 
group of students for peer group evaluation In a discussion. The work 
chosen may contain an Important concept or might be used to- reinforce a 
technique or skill previously taught and should be of valua»4:o the entire 
class. The discussion might lead to the correction of an error. 

Step 8 - Adding to the List 

When a group of students has completed Its Initial Investigation they are 
ready to move or to another activity. This activity mav arise from the 
Investigation completed by the group. The new suggestions should be added 
to the original list. New groups of students will form as new Interests 
are selected. Th^ activities added to the list may spread further and 
further out from the original topic. 

The teacher may wish to terminate the study of the topic when the actlv^ 
Itles become too diversified or when the students* interest falls. 



A THEME APPROACH 

Themes can provide the element of structure for various Increments of time. 
Themes give the knowledge gained during the study a much greater relevance than is 
developed through a subject discipline organization. Information from many fields 
of science and other areas may be called upon in the study of a theme. The thematic 
approach brings together factual information and underlying concepts in a unique 
relationship as the study of the theme threads its way across traditional boundaries 
of organizational patterns. 

The eight steps described in the Domain Approach apply equally as well to the 
Theme Approach. A flow chart for the theme "Ecology^' is illustrated below. 
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A THEME APPROACH 



THEME: 
ECOLOGY 



r PROBLEM J 




Wiy are therS"*c^8 many of 
these kinds of organisms In 
this place at this time? 



PROCESSES OF SCIENCE 



^Sultidiscip Unary, M^lti-Level 



t Climate 1 

Temperature 
how hot 
how cold 
how long is 
it favorable 

Sunlight 
how bright 
how long is it 

bright 
how direct 

Precipitation 
how much 
how regular 



PTIYSICAL FACTORS V 
-I , 



/ mJMAN FACTORSX^ / BIOLOGICAL FACTORS 



Soil 



Nature 
origin 
cold 

how coarse 
how fine 
how porous 
how warm 
how rich 
how much 
humus 

Exposure 
how level 
what slope 
what shade 



KoY^ is the land used? 

What is the history of 
use or abuse? 

How does man affect the 
species? 

' how polluted 

- what has man destroyed 

- what has man intro- 

duced 



!^at Organisms 
identification keys 
ideal habitat of each 

now Many 

population counts 
sampling methods 
fluctuations 

How Related 



producers 

herbivores 

carnivores 

scavengers 

decomposers 

food webs 



Adaptations for Survival 
structural ) 



behavioral ) 



lab studies 



